Introduction
The endogenous LH peak initiates in Graafian follicles specific alterations in follicular steroidogenesis, changes in the cumulus cell-oocyte complex, and resumption of meiosis. The morpho¬ logical transformation of the cumulus oophorus, referred to as 'expansion' or 'mucification'  Eppig, 1979) , may lead to a decreased integrity of junctional complexes between the cumulus cells and between the corona cell processes and the oolema (Gilula, Epstein & Beers, 1978; Szöllözi & Gérard, 1983) . The reduction of gap junctions may result in the decrease of ionic coupling and metabolic co-operation between cumulus cells and the oocyte (Gilula et ai, 1978; Heller & Schultz, 1980) . In the pig, it is not known whether mucification (Hillensjö & Channing, 1980) corresponds to such a decrease in intercellular communications.
It has been shown that [3H] uridine and [3H]choline gain access to oocytes mainly via the cumulus cell processes connecting these cells with the immature oocyte (Moor, Smith & Dawson, 1980; Heller & Schultz, 1980) . These precursors have been used as markers to determine the decrease in intercellular coupling during the maturation of mouse (Eppig, 1982; Eppig & WardBailey, 1982; Salustri & Siracusa, 1983) and sheep (Moor, Osborn, Cran & Walters, 1981) oocytes. Changes in intercellular coupling observed during in-vitro culture of intact sheep follicles in a medium with gonadotrophins were comparable with those occurring in vivo (Moor et al., 1980) . However, uncoupling in mouse isolated cumuli oophori cultured in hormone-free media was different from that obtained in vivo or in FSH-supplemented medium (Salustri & Siracusa, 1983) .
The present experiments were designed to correlate the time sequence of pig oocyte maturation, cumulus expansion and cumulus cell-oocyte uncoupling in vivo and in vitro.
Materials and Methods
The cumulus cell-oocyte relationship in vivo was examined in miniature pig gilts ( (PBS, , and the follicular wall of the preovulatory follicles was perforated with a fine stainless-steel needle under a dissecting microscope. The aspect of the connection between the parietal granulosa and the cumulus was noted. The isolated cumulus-oocyte com¬ plexes at each time were divided into two groups and the cumulus cells of one group were removed with fine pipettes after hyaluronidase treatment; the cumulus-enclosed and denuded oocytes of the two groups were incubated in the labelled medium (see below).
The cumulus-oocyte complexes for in-vitro maturation were isolated from the ovaries of slaughtered prepubertal gilts of the Large-White breed (Motlik, 1972) or from the ovaries of cyclic miniature pig gilts slaughtered 72 h after PMSG injection as above. The cumulus-oocyte complexes of both groups were cultured in vitro for 1, 16, 24, 32 or 40 h in 01 ml medium under paraffin oil at 38°C in air containing 5% C02. The culture medium was TC 199 (USOL, Prague) supplemented with sodium pyruvate (004mg/ml) and freeze-dried calf serum growth proteins (USOL, Prague) at a concentration of 30mg/ml (Motlik & Fulka, 1974 The nuclear maturation of about 10 oocytes in each of the in-vivo and in-vitro experiments was examined by phase-contrast microscopy in whole mount preparations fixed in acetic alcohol (1:3, v/v) and stained with 1 % orcein.
Results
Cumulus expansion and cumulus cell-oocyte coupling during in-vitro maturation Preovulatory changes in the aspect of connection between the parietal granulosa cells and the cumulus cell-oocyte complex in pigs are outlined in Fig. 1 . In follicles isolated 72 h after PMSG injection (hCG: 0 h), the dense cumulus cell mass was characterized by a high coupling index (1-8) with the oocyte (Fig. 2) . The intercellular deposits of the mucous matrix amongst the cells forming the connection of the cumulus oophorus with the parietal granulosa were first seen 16 h after hCG. (Fig. 3) . In both groups, the freshly-isolated oocytes incubated only for 1 h in hormone-free (control) or FSH-supplemented medium had a high coupling index (2-0-2-2). In prepubertal gilt oocytes cultured in the control medium, the uptake of the precursor as well as the coupling index decreased substantially (0-82) after 16 h of culture. The index value dropped again at 40 h of culture. Compact cumuli did not expand in the control medium, but cumulus cells attached to the surface of the culture dish and formed a monolayer. These data show that in the control medium prepubertal gilt oocyte-cumulus complexes had changed to a lower coupling value even after only 16 h of culture.
The presence of FSH in the medium changed the pattern of intercellular coupling and cumulus behaviour in vitro. At 16 and 24 h of culture, cumulus expansion was induced, although the cells of the corona radiata were still closely attached to the oocytes. Although the absolute values of [3H]-uridine uptake dropped substantially, the coupling index was 20 at 16 h and 1 at 24 h. At 32 and 40 h of culture, the cumulus was completely expanded and partly detached from the oocyte and did not form a monolayer on the culture dish as in the control medium. The coupling index declined from 0-7 at 32 h to 01 at 40 h.
In the second group of experiments with oocyte-cumulus cell complexes isolated 72 h after PMSG injection, and after culture in the presence of FSH, the results were similar to those obtained with FSH-treated material from prepubertal gilts (Fig. 3) ; the cumulus was expanded but the coupling index decreased significantly ( < 1), even by 16 h. In contrast, the [3H]uridine uptake and coupling index remained high (1-7 and 1 -8) after 16 and 24 h of culture in the control medium where no expansion occurred. It is evident that, in the control medium, the pattern of oocyte-cumulus cell complex uncoupling differed substantially between prepubertal and PMSG-stimulated gilts.
Discussion
About 12 h after hCG treatment, when rodents ovulate, pig oocytes still show a germinal vesicle with only the first symptoms of chromatin condensation (Motlik & Fulka, 1976) . By 24 h after hCG, when sheep and cattle oocytes have already completed maturation, pig oocytes reach prometaphase or metaphase I (Hunter & Polge, 1966) . This means that the nucleus of pig oocytes takes6 h, respectively, after hCG stimulation, the first intercellular deposits of a mucous matrix were observed in pigs 16 h after hCG. It is clear that GVBD precedes cumulus expansion in rodents (Dekel, Hillensjo & Kraicer 1979; Eppig, 1982) . At the time of GVBD in pigs, 20-24 h after hCG (Motlik & Fulka, 1976) , the outer layers of the cumulus cells were very expanded. Intercellular deposits of mucous matrix were first seen in the connection between the parietal granulosa and the cumulus cells. Thus, the contact of the cumulus-oocyte complex with the follicular wall was dis¬ tended before the contact of the oocyte with the corona radiata cells. In fact, cumulus expansion at metaphase I was limited to the outer layers of the cumulus cells, while the layers adjacent to the oocyte were still tightly packed as in other species (Dekel, Kraicer, Phillips, Sanchez & Segal, 1978; Eppig, 1982) . In sheep follicles cultured for 12 h with gonadotrophins, meiotic maturation pro¬ gresses to prometaphase or metaphase I while intercellular coupling is only slightly reduced (Moor et al., 1980) . The index of oocyte-cumulus cell coupling in mouse oocytes isolated 6 h after hCG (Eppig, 1982) (Eppig, 1982) . After hCG stimulation, the process of cumulus expansion also becomes evident in the corona radiata cells. The mouse cumulus com¬ pletely expands 9 h after hCG, when the cumulus cell-oocyte coupling index declines markedly (Eppig, 1982) . The onset of decrease in [3H]uridine uptake by pig oocytes 32 h after hCG was also correlated with full cumulus expansion in the present experiment.
The persistence of coupling between the oocytes and the follicular cells in vivo until metaphase I raises the question of its role in oocyte ability to develop after fertilization. In several species only oocytes isolated from preovulatory follicles with an expanded cumulus, and which have progressed to metaphase I, are able to attain full development (Thibault, 1972; Motlik & Fulka, 1974; Niwa, Miyake, Iritani & Nishikawa, 1976) . Again, only oocytes cultured in follicles (Moor & Trounson, 1977) , co-cultured with granulosa cells (Motlik & Fulka, 1981; Staigmiller & Moor, 1984) , or cultured within the cumulus in medium with LH (Shalgi, Dekel & Kraicer, 1979) show good developmental competence after fertilization. This means that the intimate contact between the oocyte and its follicular environment up to metaphase I is a prerequisite for the development of normal embryos and viable young. Only Schroeder & Eppig (1984) 
